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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes — Metals

CORROSION PROTECTIVE COATINGS - ZINC ALLOY PLATING
GM6280M

1 SCOPE. This specification covers the basic require-
ments for barrel or rack electrodeposited zinc alloy plating
over a ferrous substrate. Four alloy platings are covered by this
specification: zinc-iron, zinc-cobalt, zinc-nickel, and zinc-tin.
Zinc alloy plating is especially suitable for small to medium
ferrous parts such as castings, fasteners, stampings, clips and
other ferrous parts where levels of corrosion protection
exceeding pure zinc are required. Table 1 lists the zinc alloy
finishes covered by this specification. The minimum recom-
mended zinc plating thickness is 8 um for all alloys. Higher or

lower plating thickness may be specified at the discretion of
the user.

1.1 This specification covers more than one zinc alloy.
Therefore, to distinguish between alloys the chemical symbol
of the alloying agent must be added as a suffix to the specifica-
tion number to designate the alloy desired. The zinc alloy
electrodeposits covered by this specification require, and must
be supplied with, a chromate conversion coating that is specifi-
cally formulated for that particular alloy.

Example: GM6280M (Zn-Co) yellow would be used to
designate Zinc Cobalt alloy.

Color: Yellow, designates the desired chromate color. A
chromate color should always be specified since the corro-
sion performance of the alloy is significantly influenced
by the chromate color and type. Exception, parts that will
ultimately be painted do not require chromating.

1.2 ALLOY DESCRIPTION.

1.2.1 Appearance. In general, zinc alloys can be produced
with a variety of chromate colors with brightness comparable
to conventional zinc plating, the exception is zinc-nickel.
Being passive, zinc nickel plating responds only to aggressive
chromates. One characteristic of aggressive chromates is they
tend to produce a matte or dull finish that lacks depth of color.

1.2.2 Wear Resistance. The zinc-nickel and zinc-cobalt

alloys have significantly harder surface hardness than zinc iron
alloy.

1.2.3 Weldability. The weldability of zinc alloys is better
than pure zinc.

1.2.4 Adhesive Patches. The maximum temperature recom-
mended for adhesive patch application is 100°C due to the
limited temperature tolerance of the chromate treatment.
Temperatures exceeding 100°C will deteriorate the chromagy
coating as well as the corrosion resistance. .

2 REFERENCED STANDARDS.

GM1000M ASTM B568
GM4298P ASTM B571
GM9540P ASTM B602
ANSI B18.18.2M ASTM B697
ASTM B487 ASTM B762
ASTM B504

3 REQUIREMENTS.

3.1 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). By 1997 start of saleable vehicles, all materials
supplied to this specification must comply with the require-
ments listed in GM1000M, "Restricted and Reportable
Chemicals."

3.2 Specific requirements shown on the part drawing shall
take precedence over any requirements in this specification, or
may be in addition to the requirements of this specification.

3.3 DIMENSIONAL TOLERANCE. Unless otherwise speci-

fied on the part drawing, tolerances specified represent the
final dimensions after plating.

3.4 HYDROGEN EMBRITTLEMENT. The part supplier is
responsible for insuring that all parts are free of embrittlement.

Specific requirements for hydrogen relief are detailed in
Section 4.

3.5 PLATING REQUIREMENTS.

3.5.1 The requirements of this specification apply to signifi-
cant surfaces of a part or fastener. Unless otherwise specified
on the part drawing, significant surfaces for plating thickness
and corrosion resistance purposes are any surfaces that can be
touched by a 16 mm diameter ball. The threads of threaded
fasteners are not considered as significant surfaces. However,
the entire head of fasteners, and the unthreaded shanks of bolts
are considered significant surfaces.

3.5.2 Alloy Composition. The percentage of alloying ele-
ment present in the zinc alloy electrodeposit differs for each of
the zinc alloys. The concentration limits for the various alloys
are shown in Table 1.

TABLE 1 - ALLOY COMPOSITIONS AND
CONCENTRATION RANGES

Alloy Element Wt. % Nominal | Plating
Alloy % Alloy | Thickness
Element Element (um)
Cobalt (Zn-Co) 0.5-0.8 0.7 8
Nickel (Zn-Ni) acid 10-15 12 8
Nickel (Zn-Ni) alkali 6-10 8 8
Iron (Zn-Fe) 0.4-0.8 0.5 8
Tin (Sn-Zn) 65-75 70 8

3.5.2.1 Alloy concentrations can be varied within the limits
of Table 1 to achieve better chromate color definition on black
zinc-iron and zinc-cobalt alloys, Higher alloy concentrations
generally yield better, richer, black coloring after chromate.

Lower concentrations are recommended for lighter chromate
colors.

NOTE: Accurate control of the alloy composition, and alloy
ratios within the limits given in Table 1 are essential for opt-
mum corrosion resistance and plating performance.
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3.5.3 The plating shall be smooth and free of blisters, pits,
nodules and other harmful defects. Coverage shall be complete
and uniform in appearance.

3.6 PLATING THICKNESS.

3.6.1 The minimum plating thickness for this specification is
8 pum. Higher or lower plating thickness may be specified at
the discretion of the user.

CAUTION: Zinc-nickel alloys tend to chip easily when the
deposit thickness exceeds 15 um and the nickel content
exceeds 8%. This can become a factor on parts with high large
protrusions where high current density will increase both
nickel content and deposit thickness.

3.6.2 The following ASTM methods are recommended for
determining coating thickness:

ASTM B487 - Microscopic Cross Section
ASTM B568 - X.Ray Method
ASTM B504 - Coulometric Method

3.6.2.1 Except for the microscopic method, it is essential that
the test instrument be calibrated with an alloy of the same
composition as that being measured.

3.6.3 To insure compliance with the minimum thickness
requirements of this specification the plating thickness shall be
measured at regular and frequent intervals using sampling
plans such as recommended in ASTM B697, ASTM B602,
and ASTM B762 or equivalent. Control charts and records
documenting compliance with the minimum thickness require-
ments shall be prepared and maintained for inspection.

3.7 CHROMATE CONVERSION COATINGS.

3.7.1 The zinc alloy electrodeposits covered by this specifica-
tion require, and must be supplied with, a chromate conversion
coating that is specifically formulated for that particular alloy
as shown in Table 1.

3.7.2 The chromate coating must completely cover the zinc
alloy deposit in order to achieve complete sealing of the alloy
plating. Deep recesses, (i.e., beyond 1 diameter in length from
the surface), small blind holes and the interior of tubes are
exempted from this requirement.

3.7.3 Specified chromate conversion colors shall be uniform,
tightly adherent, hard and dry.

3.7.4 The effectiveness of the chromate coating is measured
by the corrosion exposure before the development of white
corrosion products. A faint white film or blush does not consti-
tute a failure. Table 2 summarizes the required minimum salt
spray hours and/or cyclic corrosion cycles before the forma-
tion of white corrosion products.

NOTE: No salt spray requirements are specified for red rust
due to the lengthy corrosion exposure required.

3.8 ADHESION.

3.8.1 The alloy deposit shall not peel from itself or from the
substrate when tested in accordance with ASTM B571.

3.8.2 The hardened aged chromate coating shall be tightly
adherent to the zinc alloy substrate and shall not be removable
by ordinary handling.

4 RELIEF OF EMBRITTLEMENT. The susceptibility
of zinc alloys to hydrogen embrittlement is the same as con-
ventional zinc plating.

4.1 Parts shall show no evidence of hydrogen embrittlement.
Samples taken from production lots shall be bent or stressed at
least as severely as they will be in service and maintained at
this stress for 24 h. If the parts do not crack or break, they
shall be considered as free from embrittlement.

4.2 All steel parts having a hardness above RC32 and all
highly stressed cold worked parts subsequently plated are sub-
ject to embrittlement because of hydrogen absorption. Unless
otherwise specified, this condition shall be relieved by baking
the part within 1 h after plating. A peak metal temperature of
200°C for a minimum of 4 h has been found suitable in some
instances; however, higher temperatures and/or longer times
may be necessary. Hardened parts which have been tempered
at less than 175°C shall be heated at 150°C and held for 8 h, or
longer, if necessary. Suitable relief of hydrogen embrittlement
of highly stressed spring steel parts is considered doubtful.

4.3 When heat treatment for hydrogen absorption or stress
relief is performed on parts the supplementary chromate treat-
ment must be performed after the baking operation.

5 CORROSION RESISTANCE.

5.1 Due to chromate dehydration the corrosion resistance of
an alloy plating begins to drop appreciably when subjected to
service temperatures exceeding 100°C. Above this temperature
the white corrosion performance of zinc alloy platings is not
appreciably better than unchromated Zn-alloy platings.

5.2 Parts tested to these specifications shall withstand neutral
salt spray testing and/or cyclic corrosion testing for the expo-
sure period shown in Table 2 or as designated by the
purchaser.

NOTE: The salt spray test is only used to test the integrity of
the alloy deposit and the effectiveness of the chromate coating.
The hours to white or red rust shall not be construed as having
any correlation to the actual service life of the part.

5.3 Sample parts shall be dried for 24 h prior to exposure to
testing.

5.3.1 For initial applicator and PPAP submissions, parts must
be tested per GM4298P for white corrosion on significant sur-
faces (5.3.1.1) to meet requirements per Table 2. For normal
production, processes that are in statistical process control
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